II 

z: 



CD 
O 

r^j 
a. 
— » 
II 

9 



3 

O 
O 

a. 



Q- 
< 

a- 
II 

CQ 

q 

o 
II 



CO 

a, 



UJ 

Q 
O 

IH 
O 

z 

M 

H 
H 

h-i 

z 

1LI 

H 
X 



Q. 
C 

IH 

m 



co h- 

CD O) < 

S 3 5 

§2 

eg o 
Q_ o 



. . 0 

(D CO 

E c 

3 o 
cz 



< 
CD 
< 

a 

3 



LU 
Q 

< 

o 

X 

CO 



o 
o 

CO 

co 



o 
X 



03 
C 

o 



c 

03 



03 
O 

5 
3 



05 

c -S2 co 
© "5. J2 



o 



03 

O 03 



eg 
o 

O) 

o> 
o> 

o> 

CO 

o 

CO 

o 

CNJ 

o 

CD 



c t 



^ 03 O 03 hZ r- 



c 

OJ 
Q. 03 

o .y 



(D > = 



CL D_ -E < O 



3 Q. O 
0) Q. 'C 

< 0- 



o 



a 



r 



53 » 
o c o 



\ 



o 




7 ' ni'vx ? 

ffj f> «I» "V ^3 C-l '"i 



CO 
T— 

CO 
CO 

o 



cl 



o 
2 

to 

< 



CD 



V — 

CO 



o 
cz 

CO 



I 

03 C 
CO o 

S cx ^ 
o >>J2 

. c x 
5 a) 

o o 

CD ^ 

E cx 

ass 
> * g 

O * £ 
w o — 
O E •- 

I »— 

£ 10 §> 

— 1 F ° 
O o ° 

f C Q. 

CL 13 (O 



O 

c 

CO 

> 
CO 

=5 -C 
IS o 



a> 

T3 
O 

O 
JD 

cd 
c 

CO 



U C Q) -q 



CO 



« o 



5 
o 

3 T? 



c 

CO 



o 



SI 



CD 

JO 
CL 

*o 

CD 



6 £ r% 
^ -I- 

_ CD CO 



CD 



> ™ 
a cd 

CD _C 
CL 



CO 
CD 



c 

CD 
CD 

©i 
is .8 



o 

CO 

CD 
i — 

CO 

CD 
C 

a5 
> 
o 
a 



o 

CD 
O 

■g 

C/) 
CD 



CD 

■o 

CO 
CO 



CO CD 

*i 
§:! 

£ o 
m ^ 

O 

^~ >* 

CO 
CD — 
>^ > 

IS 6 

CO 5 



CD 

-g 

CD 



CO 



CD 



S £ ^ 

a) -a ° 

« S J 
So© 

> CD -> 

> i_ ■*-; 



CD 
CO 

E 

CO 

o 



CD c 
CL E 
CL CD 

CL >» 
[O w 

ii 

to CO 



<D O 



o 

CL 
CO 

_ > 
CO <u 

E 
o 

CO 

> 

CD — 
CL CO 

-S^ CD 
CO O) 



»- O 

° r> 

— 1 2 0) 

w E o 
E "4= 

■gf CO 

x 55 

O r ro 



|— X 

o c 

^ *N 
0) CD 

o 

c "S 

© E 
S © 

1! 

to r= 



£= 

a> 5 -a 
cl-Q p 

CD a) CD 

IIS 

-»— » 

o <^ "55 

CO CD en 



CD 



CO 

O 
CO 

O 

o 
< 



n ^ to 
(D c.E 
> o E 

o to i5 
| 3-2 

o c -2 
o < § 

>>co o 
-V o .£ 

C t- N 



■a S 



c 
o 

o 



CD 
> 

o 

0) 

o 

I— 
CL 



8 5 . 

CL (D 

x ^ 
CD ^ 

O CO 

o3 2 

>* CD 
CO 

— JO 

o i 
■o X, 
c: 3 

> o 

> T3 
CD m- 
JC O 



c * 



CD 



CD 



Is 

5 Jo 



.52 . 
i- -a 
cd <u 

>* E 
co E 
— o 

CD *+- 
"O CO 
X — 

o < 
o 

E ° 

*N CD 

E 

S CO 

> !o 

co T — 

-4— » 

O m 

a g_ 

C u- 
~ CD 
CO >> 

a> co 
o 



CD 

-a jo 



i- ^ (D 
J5 CD CL 13 



I 



(19)B*@&fttf (J P) 



«*> & m 4# it & $g (a) 



#^2001-36131 
(P2001-36131A) 
(43) B ¥J£13*F 2 9 B (2001 . 2. 9) 



(51)IntCL' 
HO 1 L 33/00 



F I 

H 0 1 L 33/00 



f-T3-F*(##) 
A 5F04 1 



«SS5« OL (£ 5 H) 



(2i>aH## 


ftm&n -206039 


(71)aiSA 000002004 








(22)ffllgB 


¥^ll¥7fl21B(1999-7.21) 


JjOstSHiE£;*:Fi 1 T S 13# 9 ^ 






(72)5!K# ^BB/ll ft 






«ffiK*fefcrrF32iail505#ift BftttXtt 












(74)ftgA 100094237 












F^-A(##) 5P041 AA03 CA04 CA34 CA65 CB02 



(54) ISmo&m A 1 G a I n PSBfcif-f K 

(57) imm 

A l G a I nPLED£ttgfc-f& 0 



1 o 



10 9a 



10 9 

/ 109b 



1 0 8 
10 7 
1 0 6 
10 5 
1 0 4 
10 3 
10 2' 

10 1 





h — ^ 















10 8 
1 O 7 
10 6 



2 0 



1 1 0 



(2)g32001-36131 (P2001-361U5 



sr-KfcfcWC. 3b£S5* { (AI,Ga,.,),In,.,P 

(o^xgi, o <yg i ) mis*-, summum 

Pt'f T'ffieOfSJfc^'f *- H . 
MUSS 3 J A*7aR«:*tfJl#. -'x^^tfit 

ztz&mt-rz,wnmi*tzte2izim<7)pw yt 
tf*iBi-4c7)^-rfi*uis^fe®<7)p-^^ Kr-y^s 

[000 1] 

?&mwmm&ffi£t:i%mm<nA icai np«*^ 

[0 0 0 2] 

(Al,Ga 1 . I ),In 1 .,P(0^XS 
1. 0<YS1) (WT. A 1 Ga I nP£:B&-f) %,jt 

m&tzi>r>x. mz, -< >is*7^&f&tt ( = i-y> t 

0. 5kt4(Al,Ga 1 .x) 0 .,In 0 .,P(OSXi 
1 ) t±. UMbyU^A (Ga As ) JMSAfcftJMrfS?- 

(AppI. Phys. L 
ett. . 57 (27) (1990), 2 9 37—2 9 
3 9IM) . ;«W*. W£tf»fciRa»&#«iRfeS: 

mm-rhmi^^^-Y (led)*^**^— v-yj 

(LD) ^&*SH^)8tj£Jf h LTfflffi^ftT 
^(AppI. Phys. Lett. , 64(21) 

(1994) . 283 9 — 2 84 . 

[0003] $*tf)p nfg-^-SO, y-fiv^ru ( D 
H) ffi jlOSSJSJK LED [Zfa ot, A 1 Ga I nPM 

yK-)i) ^iEa-r^^'iiwifc^o-cv^i. (sp i 

E. Vol. 3002(1997). 110-1181 
ft. *^*»<5>*>*jfc*»iRLIiv\ ftfttzttLXim 

*•& rs o «asta:<oiMt*»fe»ijc-r & <o#?s«-c-*> & . 



£6. 0Uti\ T>U;fr&*IH«fflFSI5. 481. 12 
2f^j(OAlGaInPLEDT'H pl^-i-/ 
yay^; hJl±(citfe;4 y^A -^(indium 
-tin oxide :BSg;ITO)iK^I>»' 

*fll*S*i"CV»4 CftHFPl 1-17 2 2 0-94MM 
[0005]£*:, I TOfJ, AlGal nPLED 

Srfflfig-r&p^i i i-vi^^aMHWM&JMMfflMi 

aiffi<o£ffifci£tt*:. i»(Zn)fL<ii4(Au) 

Sfl 1-402 0-9&W9HMMMEI) . A 1 G a I n 

pled &^iS;i-S^^#:^B B B «^tcifc!fS^ix<i\ - tf> 
«Wr*«^«li± A»flrc* S . ft o T . I T O JSW 
±Wft8§*ufc«S#» *>SSI$iT-S JHFiWWSS A i 
Ga I nP«3ia»fc:i*IttTTBHWfc:j£i5HK:S£aT'*S 

[0006] 

0 Hi L*iaifc:at«:*«<o¥l!MS«KaHiSii*«rfW 

[0007] nmw-i 1-402 o^'&mz%eM%h.& 

[0008] iHHWSJi/6a (-aife) if 

/p^i 1 1 - vrnte^wmft led m®.m<mmm 

JtSrfiStJtA IGalnPLEDCJjTC, 
^*>JS^a[5lT'^ SSJfflUt^ffil^^A 1 G a I n PL 
EDSrigfit-TS. 
[0009] 

cpis^^i-i.^fto^g] ±ie*>sih* 
in*>. *9tmt» c i ] ^fese. jgm. Ri/mmzm- 

&3&ty4*-YHZi5^X. (A l,Ga,.,) 

v i n,. ( p ( o^x^ i , o<ys i ) mz-Sfr. mm 

mzuL. m^s,7tmi:^vmtmm^m±izn^xn 
wmmttt. mmmmt£Ltiznmtt-r&zt& 
w&t f z> p im k r -x rsco^^-r h . [ 2 ] 
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sr/\s£'&tfZht:¥fflLt?& [ 1 ] ttiit [2] Cia 
m<Op *T4 Y T y 7W<nftfty4 H . [ 4 ] &«7C 

[ 1 ] ±fc« [ 2 ] IcE»*>p1M KT-yn^fgft/ 

>f h , c 5 ] %Mi)\ mtmsz-kuz t&nmt 

■th C 1 3 ~ [4 ] avvfti6>iqifc:Gtt*>piM kt 

COO 1 0] 

C«W<OlOttf)»JB] AlGalnPM 

til I I-Vfl|fl:^fljiti«ftttJMI*«p»Ji3!i»i5,ir- 3 T 
^4. 0fiB. P"»M K7 7TIWA IGalnPLED 

[0011] *^B^Hf£^JS(C^|,^|g7cSI5 : ^tf 

Ga I nPLED£«h£U 4fc. fWfcft£*tf)6Jl 

( 1 ) »*8Mtf>£iBfc-£, ifeJKif 

( 2 ) sti«sw*®o, mmzmfc? tttamNi 

lz . «ffi*>lKaBBttfc:*HE L jfc¥BBgR S:t->T, 7 * 
'J7h-^7 (1 i f t-of f ) 

[0012] ±mmzmmbizm??hm&<?)3mm#. 

mmizit^xmmz±t-rtii£. ztitsmimmmt 
led t cn&wfc%mim&<mmm t . ime 

SMIcD^/L 0. 7fg#>£l. 2fe<vmfflX't>&cotf 

[0 0 13] 4fc*fHHT*i4»i*. pJ^I I I - V 
f£fc*fl^^fl^^»Ofl«>Ji £: 5 •/ ? &«£ 

pbi i i - ymt^^mw^mh^- 

$. -y 7t%-$;£&f$.X'% Z>±mizli. «*W>£-EtB (A 
u-Z n ) ^ y^/P (N i ) SrifcO 

&fc±mtfh& . &tz. -y^-T^i-^A (N i 
-A 1 ) - .y^r/p-^- ( N i — A u ) , -•v'riV 



-1-9 y (Ni-Ti) . - -jtriV-m. (Ni-A 
g) , ~-j^tV-^)lT^y ( N i -Mo ) „ ~ y^ 

-M(Ni-Cu) fcifON CfL 
[0014] N i tT)V ( N i O ) 

bffif&i-zt 1 1 1 -vwat&fa^mimtitmt&ttz 

*-5. </7W®mW?ffl$tlXff& mz, N i O 

tm^izma. mffitiz&tihsntmmMtfm&Lzti 

[0015] N i Ofrt>%Z&&®limtif , N i Ofr 
^4^-y7hfftl^t«fC*6. I I I 

- vmiti?®>¥mftffii$mcr)mw±iz~B, tumm* 
mzmm£, &<mmwz*£ti\x^hm%i,zj:*)N i 

[0016] IMHMUNi. (yUii\ IM3IB ( Z n 
O ) . mm (SnOi), BMk-f yi?*}l* ( I n 
2 0 3 ) . Mit1-?> (TiO.TiO,), VHfctfV* 
A (Ga 2 0 3 ) , NiO, Wtib?>tf> (MnO) . K 
•fkiS (CuO) m>C?ffif&X'ZZ>. 4fc. ITO^rt'W 
«*8Mfc»36»A>fll«T'*6. EftC A l Ga I nPM 

ifrl 5 U^-A • -t>f-^-h;U- (mQ • cm) ggV^± 

-?-iitiT»fs®fit*^, awtt^BKtfttmti. led 

[0017] JMU. 403c<OBHl:1MSAil^S«$«-C 

-d^rttJI A«flrsRT# ■& . ^^{f. Til^ I TOi L» ± 

[0018] pMO I I I -V&ft-^¥3SSffcffifiSaf± 
tBMb*«W«:Rtt**IS^fc:* ->X . . 
ZnO^±{*tLT*i^-r4i:«ftB^t^l». III- 

zv>tz#>. M-i£&iszffif$.-fhwmmz. P 

Jgl I I-VSHt^* i f £ SWWir«JIrttffiALTt. I 
I I -V^t^^*iiP^f£S^«^-C-#Wfi)T- 
£)£«rtK<iJc£. ZnO^±«fi-rsiS^!fei:f±, 

[00 19] 
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imam *mmmx'it. x.v?*isv)mmtm#-2 

0±C ZnOfrhtchlSM&ISsLtzA 1 Ga I n PL 

EDi oiwizLx. *m*n£mwizm B Rt&. nm 
xmnrntzmh* ledio <nnw®&mx'h& . 
[00203 nm?mw2 o«. %m < s i ) K-/n 

|GaAsfi B H B II101, SiF-rnfGaAs 
&M1 02, S i F-7'n& (A l 0 . 7 Ga 0 . 3 ) 0 .5 

I n l . t PT»?57K1103. (A 1 0 2 

Ga 0 . 8 ) o.s I n 0 . 5 P$Bfrll 04, 
A (Mg) K-rp^(Al 0 . 7 Ga 0 . 3 ) 0 . 5 I n 0 . 5 P 
±gff?7yh'«l 0 5 Lfc. Xt?Jfy+;H 

f$.mi 0 2-1 0 5<7*g-JHi, MJ^f-zMPJ^A 

( (CH 3 ) 3 Ga) /MMf-^TVUS-^A ( (CH 
3 ) 3 A1 ) /hVX+MyiSVA ( {CH 3 ) 3 I n) 

/*xyi> (PH 3 ) jRjfiEMO-vPEtttciO? 

X-i/^o^y^ v'xx/HMg (bis - (C 5 H 5 ) 2 

Mg> s-fflv^. mmw-vyymii. ^>yy (s 

i 2 H 6 ) £ftl O^PPmiOSUg-C^-tf^^^-* 

[0021] SI10 lCli, <0 1 i>^;4- « 
MLitGaAs*g B a s 5:fflv*. ££l 0 1^+|J7 
!ftK(i82xiO l9 cm-3t, i®i:ii^3 0 0//mT35 
-><:. GaAs8f|102«9lV(d)ttl. 5 jum 
tL, ^f-vUTiSS ( n) 1^2X1 0 18 c nr 3 fc L 
fc. T£B?7 03<id = 3. 5/imtL, n = 

3x 1 0»cm-»kW:. f&7ftll 04(±d = 0- 2a< 
mfcU *+yr«* (p) =lxlO»cm-3tL 
fc. ±§B?7«/KJIl 05lid=Umt U p = 7x 
10»7 cm-3tLt. 

[0022] (A l 0 . 7 Ga 0 . 3 ) o.s I n 0 . 5 P±a5 

*)Ni*>£,$rS|g|10 6£&»;S-ti-£. IfiiftlOn 
mi Lfc. tt*l:«ON i mi 0 6 liKfeT* 

*r . ««ifr»«-ri^wiawt«6 n i k i o 6 
* . its 1 3 o u mvnmmmizbti <o mm&& l 

it. tlWWttOWt NillO 6&wmLt:m 

[0023] £mm 1 0 6±£<i:, n®«0(K^^M-r-?. 
IMtaE«SaR*»<!>=Sr4SJil 0 7*«***t. BtfMttig 
110 7{ijtStn:^?t>9x 1 0"«Q • cmtt^A 1 H 

JSC J: 0 flh£ I -fc . 3 0 0 TJTTOt LfcBHISEftiltf) 
/f$<iiftO. 2 5.um£:L*:. 

[oo24]fjio 7^®±tc<i, shisbq 

^=2. 0) ±*)i»hZ%miftm$:lii-ZS i 3 N 4 (JS 
Sr*£> 1.9) «>&4r&ttifclB£K{U!ilga 1 0 7co^ 
SffiliM 1 0 S t LXtmLtz. 1 0 8 



lityi/?^ (S i H«) tT'/^-T (NH 3 ) Sr^4 

trzii%!cr>y'yx-?cvDmiz£')tem2-£tz. mm 

Jil-jO. 15umt Lfc. 

[00 25] ngGaAslSl 0 l^KffllCti, * 
(Au) -7)\,-?-*7J* (Ge) (Au9 511% 

-Ge 5S»%) M*HR««:lt3SR*i£fc:J:0a*$ 

ifflffiO. 5jumfcLfc. mitk. T>Uzf> 
(Ar ) ^g£tp^V^4 3 0-C-C'l Otffsl, 7o-fy 

/(al 1 oy i ng)MJteU. nfW-Sv? 

«S1 1 Ot&L*:. 

[0026] 7D>( ( a 1 1 o y ) JKIfttft-jTU, 
±IS^N i 1 0 6(iffiofe$fL, Bgjgaflt ^:^<7)*>'«!2 

1 0 7 (c*WSiT.*R*(c «fc *) . NI1106 **ltffcx 
•y^;KN i O) (c^M§ix^* , 5t#^<bix&. 
[ 0 0 2 7 ] p 10 9 «r»«r*«««C* 

s m<mm®mm 1 o s &#*n*) y * b y v ?y y < - 
tmzmmLx&vmizmxLtz. mwmmmi o 

8 tm3k S ti , iSUH 1 0 7 £ fc-f BHkffi«SJl#25aj $ ix 
fc««tc(i. BKHglSJBtclSr6T«»l 0 9 a£T i 

tL, _UIgS10 9b£Al fc Ltc&Mmm<7>pm%& 

109tMLfc. P»«ffil09«. itg«r*5l20 
[00 28] P^«ffil 0 9S.LA'ri7B?r-S -y^mffil 

i oratcji(B^-fSjtc2 o ii/rw (mA) oms&s-it 

«iift6 1 8nmt*.ofc„ fBfc^? h;UO¥<I 

mm 1 9 n mT'*> 0 . *fettfc«li 
fc. &mm 1 0 6<Offi«fc J: 0±SP^ y -/ h'« 1 
0 5 i: 1 0 7 (Tiffin*- 5 -y ? tg^ttti^if t =6r 
ZWtitb. (@20mA) fi^LT 

2. l^;Uh (V) (cfiJSSfifc. LED^£7)J1 
?3(fi]mJE(i2. 1V±0. 1 VcoJfe)-rirSeHtciR^§ix 
?t . ^3t5S JK(i^J 66SiMyf7(mcd) izwm L 

[0029] amm ) mmm 1 tcia^cox t-^ 

^a*ffijt*«Ofi^®€:^-rn^ ( A l,.,Ga,,j) 
o. 5 I n„. 5 P1.B7 y ••/ H^^ffi±tC, N i ( N i 

o) mt-fttEZMrrizmm. mtw&frt>&&mmm 

/izrtg-^^-tirT. AlGal nPLEDJMU-. 
[0030] HJfeffiJ 1 tffiSW&KJ: 0»JSLfcA 1 
Ga I nPLEDIl Jf.^meazr 2 0 m A t LtzWicO 

mjrfaw±m i )6V£-i§;\,mt%^ti, mitmmmt i 

tt^6 1 8 nmX'h^tz. ttz. iS-ffc!fo!gJI<O0&£« 
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